We used the parton and hadron cascade (PACIAE) model and the dynamically constrained phase-space coalescence (DCPC) model to investigate the production of (anti)hypertriton and light (anti)nuclei generated by 0-10% centrality √ SNN = 200 GeV with |y| < 1.5 and pT < 5. We studied the yield ratios of antiparticle to particle and the rapidity distributions of the different (anti)nuclei, and found that the amount of antimatter produced is significantly lower than that of the corresponding particles, the results of theoretical model are well consistent with PHOBOS data. The yield ratios of the particle to antiparticle in different transverse momentum region is also given, and we found the ratios is increased with the increase of the transverse momentum.
I. INTRODUCTION
In 1928, Dirac predicted the existence of negative energy states (i.e., antimatter) of electrons depending on the symmetry principle of quantum mechanics for the first time [1] . According to the Big Bang theory [2] , it is generally accepted that equal amounts of matter and antimatter have been produced during the initial stage of the universe. However, this symmetry got lost in a series of evolution of the universe with no significant amount of antimatter being present [3] . Because the high energy heavy-ion collisions create abundant hyperons and nucleons, and the initial fireball produced in ultrarelativistic heavy-ion collisions is similar to the initial stage of the universe, so the study of antinuclei production in ultrarelativistic heavy-ion collisions maybe a better choice to solve above puzzle [4] . However, because of the low abundance, the study of light nuclei (antinuclei) production is quite difficult both experimentally and theoretically [5] .
The antimatter nuclei have been widely studied in cosmic ray [6, 7] and detected at the accelerator experiment [8, 9] could be an indirect signal of the new physics, such as dark matter and the study of manmade matter called quark gluon plasma (QGP) [10, 11] , respectively. Hypernuclei provide a doorway to the production of strangelets, and a unique opportunity to study the hyperon-nucleon (Y N ) and hyperon-hyperon (Y Y ) interactions [12] . The measurements of Y N and Y Y interactions are essential for the theoretical study of neutron stars [13] and exotic states of finite nuclei [14] . In 2010, the STAR Collaboration has reported their measurements of 6 minimum-bias and 22×10 6 central (head-on) Au+Au collision events. And in total 18 4 He counts were detected at the STAR experiment at RHIC in 10 9 recorded Au+Au collisions at center-of-mass energies of 200 GeV and 62 GeV per nucleon-nucleon pair in 2011 [16] . Therefore, we have a simulation study about the production of (anti)hypertriton and light (anti)nuclei at high energy (200 GeV) [17] based on the PACIAE [18, 19] . Then we have predicted the light nuclei (antinuclei) yield, transverse momentum distributions and the rapidity distributions in pp collisions at 7 and 14 TeV [17] . And we have investigated the light nuclei (antinuclei), hypernuclei (antihypernuclei) productions [5] and their centrality dependence [20] , scaling feature [21] in the 0-5% most central Au+Au collisions at 200 GeV. So these make the study for the (anti)hypertriton and light (anti)nuclei production in nucleon-nucleon (N N ) collisions possibile. This paper is organized as follows: In Sec. II, the PACIAE model coupled with the DCPC model is developed to study the production rates of hypertriton ( H is also given. And a short summary is the content of Sec. IV.
II. MODELS
The PYTHIA model (PYTHIA 6.4 [22] ) is devised for high-energy hadron-hadron collisions. In this model, a hadron-hadron collision is decomposed into parton parton collisions. The hard parton-parton scattering is described by the leading-order perturbative QCD (Lo-pQCD) parton-parton interactions with the modification of parton distribution function in a hadron. The soft parton-parton collision, a nonperturbative phenomenon, is considered empirically. The initial-and final-state QCD radiations and the multiparton interactions are also taken into account. Therefore, the consequence of a hadron-hadron collision is a partonic multijet state composed of diquarks (antidiquarks), quarks (antiquarks) and gluons, as well as a few hadronic remnants. This is then followed by string construction and fragmentation. A hadronic final state is eventually obtained for a hadron-hadron collision.
The parton and hadron cascade PACIAE [18, 19] model is based on PYTHIA 6.4 and is mainly devised for nucleusnucleus collisions. In the PACIAE model, first the nucleus-nucleus collision is decomposed into nucleon-nucleon (N N ) collisions according to the collision geometry and N N total cross section. Each N N collision is described by the PYTHIA model with the string fragmentation switches-off and the diquarks (antidiquarks) randomly breaks into quarks (antiquarks). So the consequence of a N N collision is now a partonic initial state composed of quarks, antiquarks and gluons. Provided all N N collisions are exhausted, one obtains a partonic initial state for a nucleusnucleus collision. This partonic initial state is regarded as the quark-gluon matter (QGM) formed in relativistic nucleus-nucleus collisions. Second, the parton rescattering proceeds. The rescattering among partons in QGM is randomly considered by the 2→ 2 Lo-pQCD parton-parton cross sections [23] . In addition, a K factor is introduced here to include the higher order and the nonperturbative corrections. Third, hadronization follows after parton rescattering. The partonic matter can be hadronized by the Lund string fragmentation regime [22] and/or the phenomenological coalescence model [19] . Finally, the hadronic matter proceeds to rescatter until hadronic freezeout (the exhaustion of the hadron-hadron collision pairs [24, 25] ). We refer to Ref. [19] for the details.
In quantum statistical mechanics [26, 27] , one cannot precisely define both position q ≡ (x, y, z) and momentum p ≡ (p x , p y , p z ) of a particle in the six-dimension phase space because of the uncertainty principle
We can only say that this particle lies somewhere within a six-dimension quantum "box" or "state" with the volume of ∆ q ∆ p. A particle state occupies a volume of h 3 in the six-dimension phase space [26, 27] . Therefore one can estimate the yield of a single particle by
where H and E are the Hamiltonian and energy of the particle, respectively. Similarly, the yield of N -particle cluster can be estimated by
Therefore the yield of 3 Λ H in our dynamically constrained phase-space coalescence model, for instance, is assumed to be
where
here (E 1 , E 2 , E 3 ) and ( p 1 , p 2 , p 3 ) are the energy and momentum of particlesp,n andΛ, respectively. In Eq. (5), m 0 and D 0 stand for, respectively, the rest mass and diameter of 3 Λ H, ∆m refers to the allowed mass uncertainty, and | q ij | = | q i − q j | is the vector distance between particles i and j.
As the hadron position and momentum distributions from transport model simulations are discrete, the integral over continuous distributions in Eq. (5) should be replaced by the sum over discrete distributions. In a single event b The STAR data are taken from Ref. [29] of the final hadronic state obtained from transport model simulation, the configuration of the 3 Λ H (p+n+Λ) system can be expressed as
where the subscripts 1 ≡p, 2 ≡n, 3 ≡Λ, and q 1 refers to the distance betweenp and the center-of-mass ofp,n, and Λ for instance. Then the third constraint (diameter constraint) in Eq. (5) is correspondingly replaced by
where R 0 refers to the radius of H in a single event is the sum of the above partial yield over the configurations of Eq. (7) and their combinations. An average over events is required at the end.
III. RESULTS AND DISCUSSION
First we produce the final state particles using the PACIAE [18, 19] model. In the PACIAE simulations, we assume that hyperons are heavier than Λ decay already. The model parameters are fixed on the default values given in PYTHIA model. However, the K factor as well as the parameters parj(1), parj(2) and parj(3), relevant to the strange production in PYTHIA, are given by fitting the PHENIX data of p,p in Cu+Cu collisions at √ S N N = 62.4 GeV by the 0-10% centrality with 3.0 < |y| < 3.9 and 0.5 < p T < 4.5 [28] and the STAR data of Λ,Λ in Cu+Cu collisions at √ S N N = 200 GeV by the 0-10% centrality with |y| < 0.5 and p T < 5 [29] , as shown in Tab. I. The fitted parameters of K = 3 (default value is 1 or 1.5), parj(1) = 0.15 (0.1), parj(2) = 0.45 (0.3) and parj(3) = 0.65 (0.4). And the yields dN/dy ofd is calculated by the DCPC model in Cu+Cu collisions at √ S N N = 200 GeV by 0-10% centrality with |y| < 0.9 and 0.2 < p T < 0.9, we calculated the ∆m = 0.0003, the results from our model agree well with the experimental data from STAR [30] .
Then GeV, the rapidity region we selected is |y| < 1.5, and the transverse momentum region is 0 < p T < 5 (GeV/c). The integrated yields dN/dy of (anti)hypertriton Cu, the ratios of antiparticle to particle are roughly unchanged. And we found that the bigger the nucleon number of the collisions nucleon is, the lower the yield ratios of antiparticles to particles is. It means that the production of antimatter in the collisions of light nuclei is easier in the same conditions, and this is both for nucleus and particles production. We also can see that the particles (π + , K + , p, n, Λ, Ξ − and Ω − ) ratios approach to 1 while the hypertriton ( 
The yield ratios of particles (π GeV from PACIAE + DCPC model. The particles and the antiparticles are mainly produced at the mid-rapidity and quickly decrease towards forward (backward) rapidity. It is obviously that the rapidity distributions of antimatter is less than their corresponding matter with the same nucleus collisions. For the same particles produced, and we found that the rapidity distributions increased with the nucleon number of the collision nucleus.
Then we compared the relationship between the nucleon number of the particles produced and their rapidity distributions in the same condition. We found the rapidity distributions for d is different from those for t, 3 He and 3 Λ H, their rapidity distributions are less than d (a). Because d (a) has two nuclei while t (b), 3 He (c) and
3 He (c), the former is consists of one proton and two neutron while the latter is consists of two proton and one neutron, we found that the rapidity distributions of t (b) are roughly consistent with the 3 He (c), but the former is a little bit higher than the latter. Finally, we compared the t (b) (one proton and two neutron) with the 3 Λ H (d) (one proton, one neutron and one Λ), we found that the rapidity distributions of the particle which has (anti-)hyperon is lower than that replaced by a neutron. in FIG. 3 . We found that in the same condition, the nucleon number and the particles produced, the ratios of the antiparticle to particle are small at the low transverse momentum region while it have a rapidly increase at the high transverse momentum region. And we also found that under the same transverse momentum, the ratios is inversely proportional to the nucleon number of the collision nucleus.
Then we also compared the relationship between the nucleon number of the particles produced and their antiparticle to particle ratios in the same condition. We found the ratios ofd/d (a) is higher than that oft/t (b), 3 He/ 3 He (c) and 
IV. CONCLUSION
In this paper, we used the PACIAE + DCPC model to investigate the production of (anti)hypertriton and light (anti)nuclei generated by 0-10% central 12 Cu collisions at √ S N N = 200 GeV with |y| < 1.5 and p T < 5. We studied the yield ratios of antiparticle to particle and the rapidity distributions of the different (anti)nuclei. The results obtained from our model are in agreement with the experimental data from PHOBOS, and it is obviously that the rapidity distributions of antimatter is less than their corresponding matter with the same nucleus collisions. The yield ratios of the particles in different transverse momentum region is also given. We found the ratios is increased with the increase of the transverse momentum, the ratios of the antiparticle to particle are small at the low transverse momentum region while it have a rapidly increase at the high transverse momentum region.
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